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Abstract

The loss of muscle mass and strength is a consequence of the aging process and can occur during periods of
bed rest, inactivity, trauma, iliness as well. For older adults with advanced heart failure (HF)- associated cachexia,
disease-related loss of muscle mass and strength is a complication of the disease state and is associated with
deconditioning and frailty. As patients with HF progress, the likelihood of developing malnutrition and cachexia
increases. Cachexia is associated with lean body mass (LBM) loss and is correlated with a worsening prognosis in
HF. Nutrition interventions beyond simple caloric replacement could be an important adjuvant therapy for a better
clinical outcome. Specifically, nutrients that improve the muscle protein synthesis and decrease degradation are of
special consideration for the management of cardiac cachexia. Dietary protein intake, oral nutrition supplements
and B-hydroxy - methylbutyrate (HMB) are few examples. HMB is the active metabolite of the essential amino acid
leucine and is found in trace amounts in some foods. It has been shown to inhibit muscle proteolysis and modulate
protein turnover. It is also been shown to stabilize muscle cell walls through the production of cholesterol within the
muscle tissue. In the following review, we will focus on HMB as a potential nutritional compound that could help

address the HF-associated loss of LBM and its consequences.
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Many chronic diseases are associated with poor appetite and weight
loss. Cachexia is a more complex disorder that encompasses a variety
of additional factors including immune, metabolic, and absorption
defects. Cachexia can be seen in the patient with heart failure (HF),
especially in advanced disease. Addressing nutrition is a necessary
focus of management in the patient, and intervening with nutrition to
best address the increased lean body mass (LBM) losses seen in these
patients may limit the consequences of cardiac cachexia.

Overview of Heart Failure

HEF results from a structural or functional cardiac defect, specifically
the ventricles are not able to adequately fill with or eject blood and
maintain normal perfusion of vital organs or the systemic circulation
[1]. HF affects approximately 10% of men and 8% of women over the
age of 60 years, and its prevalence rises with advancing age, affecting
more than 5.8 million people in the United States [2,3]. Advances
in cardiovascular disease interventions, such as hypertension, have
improved survival of patients with cardiac disease; however, the cost
has been an increased incidence of HF [4]. The five- year survival
in HF is 50% and at ten years, 90% of HF patients have succumbed
to the disease [5]. Mortality in HF is very cause-specific; meaning
that the vast majority of patient with HF die of either pump failure
or sudden arrhythmic death. Approximately half of HF cases have
reduced and half preserved left ventricular systolic function. Among
those with systolic dysfunction, approximately two thirds of cases are
due to ischemic cardiomyopathy and prior myocardial infarction.
Importantly, cachexia influences the outcomes of all forms of heart
fajlure and appears to be related to neurohormonal activation and
elevation of circulating cytokines including tumor necrosis factor alpha.
Additionally, cachexia is predisposing factor for the development of
type 1 cardiorenal syndrome whereby there is acute decompensation
of HF complicated by acute kidney injury [6].

HF is the final stage of cardiac disease, arising from long-standing
ischemic disease and contributes to the widespread dysfunction of
the body’s organ systems, including musculoskeletal, immune, and
neuroendocrine systems [7,8]. Patients with HF also experience
multiple co-morbidities, such as chronic kidney disease, osteoporosis,
anemia, and cachexia, which have been shown to reduce functional
capacity [9]. Multiple studies have indicated that functional capacity
as measured with cardiopulmonary stress testing is strongly associated
with survival. Additionally, exercise training improves functional
capacity and has been associated with reductions in HF hospitalizations
and death. These benefits extend even to those with deconditioning
and obesity where it is possible to have evidence of muscle wasting and
cachexia while preserving body fat [10].

HF Associated Loss of Lean Body Mass

Cardiac cachexia clinically manifests as rapid, unintentional weight
loss, profound muscle loss, fatigue, weakness, and anorexia [11]. It is
estimated that 12-15% of people with New York Heart Association
(NYHA) classes II-IV have cachexia, which increases as disease severity
increases [12]. Cardiac cachexia is an independent risk factor for
mortality, as early research showed a 50% mortality rate at 18 months
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from initial diagnosis, a rate that is higher than some forms of cancer
[13].

Unfortunately, because there is no universally accepted and utilized
definition of cachexia, it is rarely identified or diagnosed and therefore
not treated. To encourage clinicians to diagnose and treat cachexia,
the Cachexia Society defines it as “a complex metabolic syndrome
associated with underlying illness and characterized by loss of muscle
with or without loss of fat mass” [14]. For adults, the notable clinical
feature is unintentional weight loss, defined by the Society as > 5% in
12 months or less that is adjusted for fluid retention. Fatigue, decreased
muscle strength, anorexia, inflammation, and increased muscle protein
degradation are additional features or markers of HF and cardiac
cachexia that clinicians should be looking for in their patients, as they
are implicated in disease-associated muscle wasting that is cachexia
(Figure 1).

Muscle mass makes up a substantial portion of the involuntary or
unintentional weight loss that HF patients experience. Older patients
with HF lose muscle mass as a consequence of aging, a condition
known as sarcopenia. However, the muscle mass and strength losses
they incur are also complications of the disease process. Additionally,
loss of muscle mass and strength, or sarcopenia, is a consequence of
aging. Loss of muscle mass in HF impacts muscle strength, mobility,
functional capacity, independence, and quality of life, and increases the
risk for negative events such as falls, fractures, infections and medical
complications [14-16].

The exact mechanism by which HF promotes cachexia and loss
of lean muscle mass is not completely known. Cachexia is thought to
occur when there is an imbalance between the catabolic and anabolic
processes occurring in the body. In HF, there are several potential
pathways of excessive catabolism leading to cardiac cachexia; the
production of neurohomones and pro-inflammatory cytokines,
specifically tumor necrosis factor alpha which induces apoptosis and
muscle protein breakdown [17]. Additionally intestinal wall edema can
occur in patients with HF and lead to bacterial translocation which can
activate the inflammatory response. Decreased appetite or anorexia,
intestinal malabsorption and having higher resting energy expenditure
all may be seen in patients with HF and likely play a role in the
development and maintenance of a cachectic state [18]. Malnutrition
and lean body mass loss are common among heart failure patients and
in cardiac cachexia. However, while these both can be reversed with
proper nutrition, cachexia does not respond to traditional forms of
nutrition intervention [17].

HMB Pharmacodynamics

HMB (B-hydroxy-p-methylbutyrate) is a metabolite of leucine, a
branched-chain essential amino acid consumed from dietary sources
[19]. Leucine regulates protein synthesis and helps maintain nitrogen
balance, an indicator of the availability of protein for the body’s use
[20,21]. HMB is the active metabolite of leucine that regulates protein
synthesis in muscle cells [22]. HMB has been shown to inhibit muscle
proteolysis and modulate protein turnover [23-26].

An overview of the leucine-HMB metabolic pathway in
mammals is shown in Figure 2. The first step in leucine metabolism
is transamination to a-ketoisocaproate (KIC) in muscle cells. KIC is
excreted from muscle and transported to the liver. In the liver [19],
the majority of KIC is oxidized to isovaleryl coenzyme A (isovaleryl-
CoA) in the mitochondria and ultimately metabolized acetoacetate
and acetyl- CoA; approximately 5% of KIC is metabolized to HMB
by KIC-dioxygenase, a cytosolic enzyme; HMB is then released into
circulation. In a multistep process, HMB is converted to -hydroxy-p-
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Figure 1: Conceptual model of the definition and clinical diagnosis of
cachexia (Cachexia Society).
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Figure 2: HMB is a leucine metabolite and a precursor of cholesterol synthesis
in skeletal muscle.

methylglutaryl- coenzyme A (HMG-CoA) in the cytosol of muscle cells
[19]. HMG-CoA is converted to cholesterol. Muscle produces its own
cholesterol to maintain the integrity of the cell membrane, typically
from HMG-CoA, because it cannot supply its cholesterol needs via
absorption from the circulation [19].

The pharmacokinetic profile of exogenous HMB was examined
in two randomized controlled studies involving 8 healthy male
volunteers. The first study compared the pharmacokinetic disposition
of 1g CaHMB versus placebo; the second compared 3g CaHMB and
3g CaHMB administered with glucose. HMB demonstrated dose-
dependent kinetics that was altered by glucose co-administration
(Table 1) [27]. The results of these two trials showed that peak plasma
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Dose-dependent pharmacokinetics

Pharmacokinetic 1 g HMB dose 39 HMBdose 3gHMB +75 g
parameter glucose
Peak plasma -120 nmoi/L -480 nmoVL -350 nmoVL
concentration
Time to 2.0 hr 1.0 hr 1.9 hr
peak plasma
concentration
Plasma half-life 2.37 hr 2.38 hr 2.59 hr
%Accumulation in -14% -29% -27%

urine

Table 1: Exogenous HMB pharmacokinetics profile27.

concentrations occurred more quickly after larger HMB doses, but the
difference in plasma half-life was minimal. In addition, ingestion of
HMB with glucose lowered the peak plasma concentration and time
to peak plasma concentration, and increased HMB half-life. Intake of
HMB increases plasma HMB levels and causes the plasma concentration
to peak between 1 and 2 hours. The half- life was approximately 2.3
hours. Previous studies have shown that approximately 10% to 40%
of HMB is excreted in urine [19]; in this study, approximately 71% to
86% of an HMB dose remained in the body following the 3g or 1g dose,
respectively [27].

Exogenous HMB may also serve as a precursor for cellular
cholesterol in muscle and contribute to cell membrane stabilization.
This de novo synthesis in this case is restricted to local use, based on
the lack of increase in circulating cholesterol with supplemental HMB
[28]. Tumor necrosis factor alpha, interferon gamma, angiotensin II,
and lipopolysaccharide each can activate caspase-8, a protein in the
cell membrane that activates another protein within the cell, caspase-3.
Interaction between caspase-3 and an intracellular protein reduces
protein synthesis in the nucleus. HMB inhibits the activation of
caspase-8, thereby [29-31] preventing the downregulation of protein
synthesis and increasing inhibition of protein degradation initiated by
nuclear factor kappa B (NFkB). Thus, by inhibiting caspase-8 activation
on the cell membrane, HMB maintains protein synthesis and prevents
additional protein degradation. In cancer, PIF activates arachidonic
acid in the muscle cell membrane, leading to the subsequent
production of inflammatory mediators within the cell cytoplasm. An
interaction between these inflammatory mediators and intracellular
proteins activates NFkB. HMB interrupts the interaction between an
arachidonic acid product and intracellular protein to prevent the NFkB
activation, thereby attenuating the upregulation of protein degradation
[29-31].

Evidence of HMB

Traditionally HMB has been used by athletes to enhance
performance and build muscle mass [32]. Research has focused on the
use of HMB to preserve or rebuild muscle mass in populations in whom
loss LBM would increase risk for injury, disability, or mortality. There
are more than 70 citations of HMB research on the benefits of HMB
supplementation, either alone or in combination with amino acids in
rebuilding LBM in adults 65 years of age and older, as well as in people
with chronic diseases such as AIDS and cancer [33-36]. Studies in
animals and in humans suggest that HMB increases protein synthesis
and decreases protein degradation. In studies where various kinds
of stress were induced in animals, HMB supplementation increased
muscle mass. In clinical studies of people who are exercising, HMB has
been shown to increase muscle mass. In older adults, studies with HMB
supplementation, with or without exercise, have shown positive effects
on strength and functionality [33,34,37-39].

A randomized, placebo controlled study compared the effects of

HMB supplementation, as 3grams of calcium HMB (CaHMB), on
muscle mass and strength in healthy older adults volunteers confined
to complete bed rest for ten days. The results of the study demonstrated
that bed rest caused a significant reduction in total lean body mass in
the control group (p=0.02), compared to the treatment group who
experienced non-significant loss of muscle mass (p=0.23). There was
no significant difference in muscle strength between groups, likely
resulting from the small sample sizes. This study demonstrated that
supplementation with CaHMB in healthy older adults preserved
muscle mass during bed rest [37].

A previous randomized controlled trial by Vukovich, et al. also
showed that HMB can have a positive effect on strength and fat free
mass in older adults [33]. Over an 8-week study period, subjects who
were randomized to consume 3g of CaHMB per day had an increase in
fat-free mass gain versus the placebo group (p=0.08) [33]. In addition,
HMB supplementation increased the percentage of body fat loss
(p=0.05) and a greater decrease in the percentage of body fat compared
to the placebo group (p<0.05) [33]. These studies have shown that the
effective dose of CaHMB is 3g per day in various population groups.

Stoutetal. compared the effects 0of 24 weeks of daily supplementation
of 3g of CaHMB supplementation on lower extremity muscle strength
in non-exercising, healthy adults, 65 years of age and older. At 24
weeks, there was a significant improvement in lower extremity muscle
strength and muscle quality, compared to the placebo group (p<0.05)
[38].

Wu et al. recently conducted a systematic review and meta-analysis
of the effect of HMB supplementation on muscle loss and muscle
strength and performance in older adults. Seven studies meeting their
criterial were included, in which 147 adults received CaHMB in doses of
2 to 3 grams per day, and 140 participants received placebo. The results
of the meta-analysis showed significant improvements in muscle mass
gains with HMB supplementation, compared to placebo (p=0.004),
without significant gains in fat mass. Due to variability in strength
measures and physical performance tests, a meta-analysis could not
be performed. The authors concluded that HMB supplementation
contributes to muscle mass preservation in aging adults [39].

The Potential Role of HMB in Patients with Cardiac
Cachexia

As mentioned previously, the prevalence of cachexia in patients
with HF is significant and increases as the disease state worsens.
Since cachexia is an independent risk factor for mortality, adequately
addressing its presence becomes important in the management of
HF. HMB may play a role in mitigating cardiac cachexia by limiting
the degradation of lean body mass. Cachexia can cause an increase of
inflammatory mediators leading to increased muscle degradation but
it has negative impacts on cardiac tissue as well. HMB can potentially
impact HF-induced cachexia by limiting the protein breakdown in the
skeletal muscles, thus maintaining lean body muscle mass.

HMB can support the integrity of muscle cell walls thorough
the local, de novo synthesis of cholesterol. HMB may also limit the
detrimental effects of cachexia through potentially limiting the catabolic
effects of cytokines on muscle protein synthesis. In many chronic
disease states, including HF, there are higher levels of circulating
cytokines such as TNF-a and angiotensin 1l [29]. One of the many
effects of these cytokines is upregulating protein degradation within
the muscle cell. HMB inhibits this process allowing the muscle cell
proteins to be preserved. As patients with HF progress, reducing the
effects of cachexia becomes all the more important as it is a predictive
factor for survival [12]. The impact of HMB on muscle outcomes in HF
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patients is yet to be explored and deserves consideration. HMB is well-
studied in a variety of patients experiencing severe muscle loss, such as
in HIV and cancer cachexia. Specifically, in a study of AIDS-associated
wasting, oral supplementation with the combination of HMB, arginine,
and glutamine increased muscle mass acquisition and body weight, in
addition to increasing CD3 and CD8 counts [35]. Therefore it is not
unreasonable to surmise that HMB could provide some clinical benefit
for patients with cardiac cachexia, a hypothesis that warrants clinical
investigation.

The main focus of cachexia treatment is nutritional therapy,
however as it is much more complex disorder than simple
undernourishment, the type of nutrition matters as well as the use
other methods of therapy such as physical activity and medication use
[12]. The use of supplemental HMB in combination with adequate
macro and micronutrients can potentially limit the effects of cachexia
by preserving lean body mass. Preserving lean body muscle mass in
patients with HF is important since regular physical activity can slow
the progression of this disease.

Conclusion

Heart Failure is a complex, progressive disorder that can induce a
cachectic state in afflicted individuals. Cachexia in patients with HF is
associated with significant losses in lean body mass and has a negative
impact on survival. B-hydroxy-B-methylbutyrate is a metabolite of the
essential amino acid leucine and has been shown in multiple clinical
studies to impact muscle tissue by stabilizing muscle cell walls and
down regulating intracellular protein breakdown. Maintaining lean
body mass and limiting the effects of cachexia is a vital part of slowing
the progression of this disease. Due to these factors, HMB may play
a role in the nutritional management in patients experiencing HF-
induced cachexia.
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